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SUMMARY
Plant triacylglycerols (TAGs), or vegetable oils, provide approximately 25% of dietary calories to humans and are becoming an increasingly important source of renewable bioenergy and industrial feedstocks.
TAGs are assembled, by multiple enzymes in the endoplasmic reticulum, from building blocks that include an invariable glycerol backbone and variable fatty acyl chains. It remains a challenge to elucidate the mechanism of synthesis of hundreds of different TAG species in planta. One reason is the lack of an efficient analytical approach quantifying individual molecular species. Here we report a rapid and quantitative TAG profiling approach for Arabidopsis seeds based on electrospray ionization tandem mass spectrometry with direct infusion and multiple neutral loss scans. The levels of 93 TAG molecular species, identified by their acyl components, were determined in Arabidopsis seeds. Quantitative TAG pattern analyses revealed that the TAG assembly machinery preferentially produces TAGs with one elongated fatty acid. The importance of the selectivity in oil synthesis was consistent with an observation that an Arabidopsis mutant overexpressing a patatin-like phospholipase had enhanced seed oil content with elongated fatty acids. This quantitative TAG profiling approach should facilitate investigations aimed at understanding the biochemical mechanisms of TAG metabolism in plants.
Abbreviations:
DAG, diacylglycerol; ESI, electrospray ionization; FA, fatty acid or acyl; LPC, lysophosphatidylcholine; m/z: mass-to-charge ratio; m:n, acyl chain containing m carbon atoms and n double bonds; MS, mass spectrometric or mass spectrometry; NL, neutral loss scans or scanning; OE, pPLAIIIδ overexpressor; PC, phosphatidylcholine; PLA, phospholipase A; TAG, triacylglycerol; WT, wild-type Arabidopsis.
INTRODUCTION
Triacylglycerols (TAGs) from plant seeds and fruits, or vegetable oils, provide approximately 25% of dietary calories in developed countries and are widely utilized as industrial feedstocks and renewable biofuels (Chapman and Ohlrogge, 2012; Bates and Browse, 2012) . It is predicted that the demand for vegetable oils will be doubled by 2030 and can be met only by increasing the oil production (Chapman and Ohlrogge, 2012) . TAG component fatty acyl chains are synthesized in plastids and trafficked to the endoplasmic reticulum (ER). There, glycerolipids, including TAGs, consisting of a glycerol backbone and three acyl chains (FA), are assembled (Bates and Browse, 2012; Bates et al., 2013) .
There are several proposed pathways by which the fatty acids are processed and assembled to form TAGs (Bates and Browse, 2012; Bates et al., 2013) . Fatty acids exported from plastids can be directly incorporated into glycerol-3-phosphate (G3P) to form TAG via the conventional Kennedy pathway, G3P  lysophosphatidic acid (LPA)  phosphatidic acid (PA)  diacylglycerol (DAG)  TAG. Further studies have indicated that phosphatidylcholine (PC) is extensively involved in TAG synthesis (Bates et al., 2007; 2009; Tjellström et al., 2012) . Modification of fatty acids, including desaturation, takes place while fatty acids are esterified to PC; modified fatty acids are indeed incorporated into TAGs. PC with modified acyl chains can be converted to DAG that can subsequently be acylated to form TAG by acylCoA:DAG acyltransferase (DGAT). Modified acyl chains in PC also can be transferred directly to DAG to form TAG by phospholipid:DAG acyltransferase (PDAT). The relative extent of flux through the different TAG-forming pathways needs clarification; this information is crucial for engineering crops with specific, designed fatty acid compositions (Bates and Browse, 2012; Bates et al., 2013) . Comprehensive profiling of TAG molecules is a necessary component of the toolbox of analytical techniques needed to facilitate our understanding of the TAG biosynthetic pathways. However, a simple, efficient TAG analytical approach for profiling plant TAG species quantitatively has been lacking.
Various methods have been applied to the analysis of intact TAGs. Liquid chromatography-mass spectrometry approaches (LC-MS) have been utilized to analyze TAGs in sunflower and olive oils (Herrera et al., 2010) , yellow-green algae (Rezanka et al., 2011) , microalgae (MacDougall et al., 2011) , pine seed (Acheampong et al., 2011) , peanut (Hu et al., 2012; Yang et al., 2012) , and human chylomicron (Bonham et al., 2013) . Techniques based on matrix-assisted laser desorption ionization-time-of-flight MS have been applied to analysis of TAGs from olive oil (Chapagain and Wiesman, 2009 ), grape seeds (Marchi et al., 2011) , and microalgae (Danielewicz et al., 2011) . Nanospray ion trap MS has been utilized to fingerprint TAGs in lipid droplets extracted from cotton and Arabidopsis seeds (Horn et al., 2011) .
Using multiple neutral loss (NL) scan modes, a multi-dimensional MS-based shotgun lipidomics approach was used to analyze the lithium adducts of TAG species extracted from tissues of mouse heart, muscle, and liver (Han and Gross, 2001; Han et al., 2013) . In addition, ammonium-adducted ions of TAG in mammalian samples have been analyzed (Thomas et al., 2007; Murphy et al. 2007; Ståhlman et al., 2012) . Recently, electrospray ionization tandem mass spectrometry (ESI-MS/MS) was applied to analyze ammonium-adducted ions of TAG from soybean seeds (Lee 2011; 2012) , but detailed information on the acyl combinations of each plant TAG was not obtained.
Here, we describe establishment of a plant TAG profiling method based on electrospray ionization (ESI) tandem mass spectrometry (MS) with a triple quadrupole MS in multiple NL scan modes for TAG analysis without prior derivation or separation. The levels of 93 individual TAG molecules and 13 TAG molecular groups were determined in wild-type (WT) Arabidopsis seeds. The analysis reveals an interesting pattern of the levels of TAGs containing elongated acyl chains, implying selectivity of the TAG assembly machinery. The method was utilized to analyze the TAG molecular patterns in mutant seeds overexpressing an Arabidopsis patatin-like phospholipase pPLAIIIδ. This efficient TAG profiling approach should facilitate future studies of TAG synthesis in plants.
RESULTS AND DISCUSSION
Determination of fatty acid composition and TAG groups in Arabidopsis seeds
The fatty acid composition of Arabidopsis seeds was determined by gas chromatography with flame ionization detection (GC-FID) ( Figure S1 ). Nine fatty acids were detected at levels over 1%; the five most abundant fatty acid species were 18:2, 18:3, 20:1, 18:1, and 16:0; four were less abundant: 18:0, 20:0, 20:2, and 22:1 ( Figure S1 ). Additionally, trace amounts of 22:0 were detected. Two 18:1 isomeric species, 18:1 ∆9 and 18:1 ∆11 and two 20:1 isomeric species, 20:1 ∆11 and 20:1 ∆13 were detected ( Figure S1 ).
In further analyses, isomeric species were combined, i.e., only numbers of carbons and double bonds are considered hereafter in the description and calculation of TAG species containing specific acyl chains. Figure 1a) . The most abundant signals represent TAGs with 56 carbons in the acyl chains, followed by C54, C58, C52, C60, and C50 ( Figure 1a) .
Identification of TAG molecules by multiple NL scans
The combination of acyl chains of TAG(s) at a particular mass/charge ratio (m/z) can be revealed by fragmentation (collision induced dissociation; CID) in ESI triple quadrupole MS. Figure S2c ).
To comprehensively detect TAG species in Arabidopsis seeds, intact TAGs were extracted and the ammonium adducts ([M+NH 4 ] + ) of the TAGs were subjected to ten NL scans, corresponding to the ten fatty acids detected in seed TAG ( Figure S1 ). Each scan was performed over an m/z range of 820 to 1000 to detect TAG molecules containing 16:0, 18:3, 18:2, 18:1, 18:0, 20:2, 20:1, 20:0, 22:1, and 22:0 ( Figure 2 ). An eleventh NL scan for tri17:1 TAG, utilized as an internal standard, also was performed; tri17:1 TAG was chosen as an internal standard because no naturally occurring 17:1 is detectable in Arabidopsis seeds ( Figure S1 ). Taken 
Quantification of TAG molecular species
The deduced TAG species were quantified. First, the intensities of each peak were corrected Han and Gross (2001) , the data from the synthetic TAGs were fitted and the curves extrapolated to cover all TAG acyl and double bond combinations detected in Arabidopsis seeds. Details of the fitting and extrapolation are shown in Table S1 , Figure S3 -6, and Method S1. Adjustment factors for TAG species at each m/z, i.e. for each group with a common number of total acyl carbons and total double bonds, were determined in 7 comparison to the response for the internal standard, tri17:1 (C51:3), which was set at 1 (Table S1 ).
These adjustment factors were applied to the sum of isotopically deconvoluted intensities (from the NL spectra) at each m/z (i.e., to each TAG group defined by total acyl carbon number: total double bond number). At the same time, the data were normalized to the observed internal standard signal for the sample, so that the abundance of each fatty acid in TAGs at a particular m/z was calculated (in nmol) as:
[observed TAG intensity x internal standard amount (nmol) x adjustment factor] / [observed internal
standard intensity].
The calculated abundances of fatty acids in TAG at each m/z showing in Table S2 were utilized to calculate the level of each TAG molecular species using the formulae indicated in Table S3 . (Table 1) . In several cases, the signals could not be resolved into individual TAG species, and some TAGs with the same m/z were grouped for quantification ( Table 1 ).
The quantitative method was validated by spike-in experiments, in which known amounts of commercially obtained 16:0-18:1-18:2-TAG were mixed without and with seed TAG (Figure 4a -c). The input amounts were linear with the amounts measured by the TAG profiling method with a slope close to 1, indicating that the method can measure TAG amount with reasonable accuracy. The presence of the seed TAG that was used for spiking resulted in an offset on the y-axis (Figure 4b-c) . In addition, the presence of other TAGs, and any potential ion suppression that they may cause, did not impact the quantitative accuracy for determination of individual TAG species.
The ability to determine TAG amount when the total TAG levels was varied was also determined. A random arrangement for acyl species from the three pools was calculated and compared with the observed (measured) arrangement. The results are shown in Figure 5b and additional information on the calculation is shown in Table S4 . The difference between the predicted TAG pattern and the measured one was significant and showed that the TAG assembly machinery favors accumulation of TAGs with one elongated acyl chain (Figure 5b ). The TAG pattern analysis implied that the TAG assembly machinery incorporates acyl chains originating from elongation reactions into a specific subset of TAG species. The accumulation of more-than-random amounts of TAG with single elongated-chain species could suggest that the elongated fatty acids are more likely than average to be the third fatty acid added to a DAG originating from de novo synthesis or acyl editing. It also raises a question of whether alterations in the levels of elongated chains may affect the rate of TAG assembly and impact oil accumulation.
Quantification of the TAG levels in transgenic Arabidopsis seeds overexpressing pPLAIIIδ
The TAG pattern analysis predicts the importance of acyl elongation in oil synthesis (Figure 5b ).
This prediction was consistent with the observation that overexpressing patatin-related pPLAIIIδ resulted 9 in higher levels of elongated fatty acids and a higher level of oil content (Li et al., 2013) . Seeds of pPLAIIIδ overexpressors (OE) contained 40.5% oil whereas the wild-type (WT) had 35.5% (Li et al., 2013) . Two independent overexpression lines, OE1 and OE2, had similar phenotypes and OE1 was further analyzed in seed morphology. OE1 seeds were bigger and rounder than WT seeds ( Figure S8a) and were 41% heavier and contained 52% more oil per seed than WT seeds ( Figure S8b, c) . The OE1 seeds were 13% wider and 4% shorter than WT ones ( Figure S8e, f) . The ratio of width over length of seeds was 14% larger in OE1 than in WT ( Figure S8f ). In addition to seed shape, pPLAIIIδ overexpression also altered the TAG profile. Of the 93 individual TAG species analyzed, the levels of 43
individual TAG species (nmol per mg dry mass) were significantly higher in OE1 than in WT seeds (Table   S3 ). Of the most abundant 25 TAG species, the levels of 17 species were significant higher in OE than in WT seeds and 20:1-containing species were drastically different in the two genotypes ( Figure S9a ). The OE seeds also had a different TAG pool pattern compared with WT. TAG with one elongated fatty acid was more abundant in the OE seeds than in WT ( Figure S9b ). The increased levels of acyl chains originating from elongation reactions may facilitate oil accumulation in OE seeds.
The correlation of the fatty acid composition with oil content was also suggested by a quantitative trait loci (QTL) study of high and low seed oil content between Arabidopsis ecotypes, in which the strongest correlation was 18:1 (correlation co-efficiency 0. (2) isotopic deconvolution of MS intensities in NL scans, (3) application of response adjustment factors (Table S1 ) to the sum of isotopically deconvoluted intensities at each m/z (i.e., to each TAG group defined by total acyl carbon number: total double bond number) and normalization of TAG intensities to internal standard intensity, and (4) allocation the signal in each TAG group to individual molecular species (as defined by acyl combination) using formulae based on analysis of the fatty acyl combinations (Table   S3 ). The analysis measures TAG species in terms of individual acyl chains, but does not specify acyl analyze Arabidopsis mutant seeds overexpressing pPLAIIIδ, where it revealed the importance of elongated acyl chains in oil content. The utilization of TAG profiling should improve our capability to identify TAG synthesis pathways and design engineering strategies for enhanced production of plant oils.
EXPERIMENTAL PROCEDURES
Plant growth and seed harvest
The generation of transgenic mutants overexpressing pPLAIIIδ was described previously (Li et al., 2013) . Both the wild type and mutant Arabidopsis thaliana plants are in Columbia-0 background. Plants were grown in growth chambers with a 12 h light/12 h dark cycle, 23/21ºC, 50% humidity, at 200 μmol m -2 sec -1 of light intensity, and watered with fertilizer once a week. The mature seeds were harvested and dried at room temperature at least one week before TAG extraction and analysis.
Analysis of fatty acids by gas chromatography
Ten milligrams of Arabidopsis seeds were placed in glass tubes with Teflon-lined screw caps and 1.5 mL 5% (v/v) H 2 SO 4 in methanol with 0.2% butylated hydroxytoluene was added. The samples were incubated for 1 h at 90°C for oil extraction and transmethylation. Fatty acid methyl esters (FAMEs) were extracted with hexane and quantified using gas chromatography on a Supelcowax-10 (0.25 mm x 30 m) column, a split/splitless injector, and flame ionization detection. FAME analysis was performed by autoinjection of 1 μL of each sample at a split ratio of 50:1. Carrier gas was helium with a flow rate of 20 mL min -1
. The oven temperature was maintained at 170°C for 1 min and then ramped to 210°C at 3°C min -1 .
FAMEs from TAG were identified by comparing their retention times with FAMEs in a standard mixture.
Heptadecanoic acid (17:0) was used as the internal standard to quantify the amount of individual fatty acid. Fatty acid composition was expressed as percentage of dry weight. 
TAG extraction and profiling sample preparation
Mass spectrometry analysis of TAGs
Lipid extracts were introduced by continuous infusion into the ESI source on a triple quadrupole mass spectrometer (API4000, Applied Biosystems, Foster City, CA). Samples were infused at 30 μL min . The collision energy, with nitrogen in the collision cell, was +25 V; declustering potential was +100 V; entrance potential was +14 V; and exit potential was +14 V. Sixty continuum scans were averaged in the multiple channel analyzer mode. For product ion analysis, the first quadrupole mass spectrometer (Q1) was set to select the TAG mass (m/z), and Q3 for the detection of products fragmented by collision induced dissociation.
For all analyses the collision gas pressure was set on "low", and the mass analyzers were adjusted to a resolution of 0.7 u full width at half height. The source temperature (heated nebulizer) was 100°C; the interface heater was on; +5.5 kV was applied to the electrospray capillary; the curtain gas was set at 20 (arbitrary units); and the two ion source gases were set at 45 (arbitrary units).
Data processing and TAG quantification
For TAG analyses, the background of each spectrum was subtracted; the data were smoothed;
and peak areas were integrated using a custom script and Applied Biosystems Analyst software. Peaks corresponding to the target lipids in these spectra were identified, and the data were corrected for A+2 isotopic overlap (based on the mass to charge ratio, m/z, of the charged fragments) within each spectra.
Signals were also corrected for isotopic overlap across spectra, based on the A+2 overlaps and masses of the neutral fragments. A sample containing internal standard alone, run through the same series of scans, was used to correct for chemical or instrumental noise: amounts of each target lipid detected in the ''internal standard-only'' sample were subtracted from the molar amounts of each target lipid calculated from the plant lipid spectra. The ''internal standard-only'' spectra were used to correct the data from the following five samples run on the instrument.
The extracted data from all acyl NL scans at each TAG mass, as defined by m/z, which corresponds to total acyl carbons: total double bonds (e.g. 52:3), were used to calculate the amount of each individual TAG species. Because variations occur in ionization efficiency among acyl glycerol species with different acyl groups (Han and Gross, 2001) , the values are not directly proportional to the TAG content of each species. The levels of 46 TAG mass (m/z) were corrected using adjustment factors.
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The relative adjustment factors of 15 commercial TAG species as compared with internal standard tri17:1-TAG (C51:3) (NuChek Prep, Inc.) were measured. The TAGs were C42:0 (tri14:0), C45:0 (tri15:0), C48:3 (tri16:1), C48:0 (tri16:0), C51:0 (tri17:0), C54:6 (tri18:2), C54:3 (tri18:1), C54:0 (tri18:0), C57:6 (tri19:2), C57:3 (tri19:1), C57:0 (tri19:0), C60:9 (tri20:3), C60:6 (tri20:2), C60:3 (tri20:1), and C60:0 (tri20:0) (Nu-Chek Prep, Inc.). Adjustment factor was defined as the NL signal intensity of internal standard/ the NL signal intensity for the tested TAG, when the tested TAG and the internal standard were equimolar as determined by gas chromatographic analysis. The adjustment factor is a reciprocal type of factor in relation to the "correction factor" used by Han and Gross (2001) . The adjustment factor for the internal standard C51:3 (tri17:1) was 1, and the adjustment factors of the synthetic TAGs were determined (Table S1 ).
Plotting the adjustment factor data for the commercially-obtained TAG adjustment factors as a function of m/z, it was observed that at each carbon number, there was a trend for a minimum adjustment factor with 3 double bonds and higher adjustment factors with lower and higher numbers of double bonds ( Figure S3a ). Using the procedure described in Method S1 and shown in Figures S3-S6 , additional adjustment factors were derived and, finally, the data from TAGs of each carbon number were separately fitted. Seven formulas, derived from fitting the data on the measured commercially-obtained TAGs, were used to deduce the adjustment factors of TAGs at various m/z in Arabidopsis seeds:
(1) for C48: y = 3. where "y" is the adjustment factor and "x" is the m/z of the ammoniated ions. The resulting adjustment factors for the seed TAG of each m/z are shown in Table S1 . . Values for individual TAG molecular species were deduced from these fatty acid abundances using the formulae in Table S3 with the resulting values in TAG abundances in nmol mg -1
. The amount of each TAG was also expressed as a percentage of the total values for all TAG species (i.e., mol %).
Validation of the TAG profiling method
TAG 16:0-18:1-18:2 was purchased from Cayman Chemical Company and quantified by gaschromatography using heptadecanoic acid (17:0) as internal standard. Various amounts of commercial TAG 16:0-18:1-18:2 were mixed with tri17:1-TAG, the internal standard, and 0, 55 nmol, or 275 nmol total seed TAG, and multiple NL scans were performed. Furthermore, different amounts of total seed TAG, from 0 nmol to 380 nmol, were mixed with tri17:1-TAG, the internal standard, and multiple NL scans were performed. The seed TAG content and fatty acid composition were measured by gas chromatography.
The average molecular weight of seed TAGs was calculated to be 892.2 g mol -1 based on the measured fatty acid composition by gas chromatography.
TAG pattern analysis
The contribution of acyl chains in two pools on the formation of different types of TAG molecules was examined. Fatty acid composition for this analysis was determined by calculation of the acyl species Louis for assistance on maintenance of mass spectrometry machine. Figure S1 . Fatty acyl composition of Arabidopsis seeds. Table S2 . Values are means ± SE (n = 5). Table 1 . Levels of TAG molecular species in wild-type seeds of Arabidopsis. The fatty acyl abundances were determined from ion intensities in the multiple neutral loss scans of ammoniated intact TAG ions as described in the text using the adjustment factors in Table S1 and the complete results are shown in Table S2 . The levels of fatty acyl combinations at each of 46 m/z were calculated from the fatty acyl abundance using the "Calculation formulae" listed in Table S3 . The TAG levels are expressed in absolute level (nmol/mg dry mass) and relative level (% of total). Values are means ± SE (n = 5). 6, 575.6, 577.6, and 599.6 Figure S3 . Measured adjustment factors for commercially available TAGs and deduction of adjustment factors for TAGs with 0 and 3 double bonds. (a) 15 measured adjustment factors for commercially available TAGs. The adjustment factor for the internal standard C51:3 (tri17:1) is 1. Adjustment factor is defined as the NL signal intensity of internal standard divided by the NL signal intensity for each TAG, when the TAG and the internal standard are equimolar. The adjustment factors are listed in Table S1 . The values are means ± SE (n ≥ 5). (b) Regression curve of saturated TAGs. Online tools were used to generate this exponential regression analysis (www.xuru.org). The adjustment factors utilized to derive the regression curve and the adjustment factors deduced from the regression curve were statistically analyzed for difference with the software SAS 9.1.3 running on Linux 2.6.32. The results are shown in an inserted ANOVA table, in which Pr > F (0.863) indicates that there is no significant difference between the input and the resulting dataset. (c) Regression curve of TAGs with 3 double bonds (TAG:3). The derived regression formulae are shown in the insert. Online tools were used to generate this exponential regression analysis (www.xuru.org). In the equations shown in panels b and c, where "x" represents the m/z of the ammoniated TAG ions, "y" represents the resulting adjustment factor, and "rss" stands for "residual sum of squares". Figure S4 . Derivation of adjustment factors for TAGs with 6 fatty acyl double bonds (TAG:6). (a) Deduction of adjustment factors of C48:6, C50:6, C52:6, C56:6, C58:6 from a regression curve derived from the adjustment factor pairs of TAG:0 TAG:6. The measured values for three adjustment factor pairs, (C54:0, C54:6), (C57:0, C57:6), and (C60:0, C60:6), were plotted and fitted in a regression curve, in which "y" represents the adjustment factor of TAG:6; and "x" represents the adjustment factors of TAG:0. From the deduced adjustment factors of C48:0, C50:0, C52:0, C56:0, C58:0 in Figure S3b , the factors for C48:6, C50:6, C52:6, C56:6, C58:6 could be deduced from the curve. (b) Deduction of adjustment factors of C48:6, C50:6, C52:6, C56:6, C58:6 from the regression curve derived from adjustment factor pairs of TAG:3 TAG:6. Three measured adjustment factor pairs, including (C54:3, C54:6), (C57:3, C57:6), and (C60:3, C60:6), were fit with a regression curve, in which "y" represents the adjustment factor of TAG:6; and "x" represents the adjustment factors of TAG:3. From the deduced adjustment factor values of C48:3, C50:3, C52:3, C56:3, C58:3, the factors for C48:6, C50:6, C52:6, C56:6, C58:6 could be deduced from the curve. (c) The adjustment factors of C48:6, C50:6, C52:6, C56:6, C58:6 from regression curves derived from the adjustment pairs of TAG:0 TAG:6 and TAG:3 TAG:6. There is no significant difference between these two datasets of adjustment factor values, as indicated by a log likelihood test (p = 0.32 > 0.05). The two values for each adjustment factor were then averaged for further applications. Figure S5 . Derivation of the regression curves for deduction of the adjustment factors at TAG groups of C48, C50, C52, C54, C56, C58, and C60. (a) Derivation of a regression curve for the deduction of adjustment factors of TAGs in group C48. The adjustment factors for C48:0, C48:3, and C48:6, deduced from regression curves as shown in Figure S3 -4, were fit with a quadratic regression curve for deduction of adjustment factors for the other TAGs in the C48 group. (b-f) Derivation of regression curves for the deduction of adjustment factors of TAGs in groups C50, C52, C54, C56, and C58. The adjustment factors for TAG:0, TAG:3, and TAG:6, deduced from regression curves as shown in Figure S3 -4, were each fit with a quadratic regression curve for deduction of adjustment factors for the other TAGs in the C50, C52, C54, C56, and C58 groups. (g) Derivation of a regression curve for TAGs in group C60. The adjustment factor data for C60:0, C60:3, C60:6 and C60:9 were measured ( Figure S3a ), allowing fitting the C60 group with a cubic regression curve for deduction of adjustment factors of other TAGs in this group. The adjustment factor is defined as the NL signal intensity of internal standard divided by the NL signal intensity for each TAG, when the TAG and the internal standard are equimolar. The adjustment factors of the other TAGs were deduced by regression curves inserted (a-g), where "y" represents the adjustment factor, "x" represents the precise m/z of ammoniated TAG ions, and "rss" represents "residual sum of squares". The deduced adjustment factors for each TAG mass were listed in Table S1 . Table S1 . Values are means ± SE (n = 5). "*" refers to P < 0.1 and "**" refers to P<0.05 as compared with the WT, based on Student's t test. Table S1 . Measured and deduced adjustment factors for commercially available TAGs and seed oil TAGs at 46 m/z. The adjustment factor is defined as the NL signal intensity of internal standard divided by the NL signal intensity for each TAG, when the TAG and the internal standard are equimolar. The values with SE represent the adjustment factors of commercially available TAGs measured by ESI-MS/MS. The values are means ± SE (n ≥ 5). The adjustment factors of the seed TAGs were deduced from regression curves constructed as described in Experimental Procedures and in Method S1.
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